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Description 

[0001] This invention relates to an electron beam ex- 
posure apparatus, and more particularly to an electron 
beam exposure apparatus for use to manufacture an in- 
tegrated circuit of a semiconductor device or a mask for 
the formation of an integrated circuit. 
[0002] In recent years, much effort has been and is 
being directed to reduction of the dimensions of ele- 
ments of a semiconductor integrated circuit in order to 
raise the density and the speed of operation of the sem- 
iconductor integrated circuit. In order to reduce the de- 
vice dimensions, research and development for an op- 
tical exposure apparatus which makes use of ultraviolet 
rays have been directed to reduction in wavelength of 
light used, increase in NA (numerical aperture) of the 
lens, optical improvement of the exposure apparatus 
such as employment of a deformed shape light source, 
application of an exposure method of a new technique 
which employs a phase shift mask or a like element, and 
so forth. 

[0003] Further, in parallel with such improvement of 
the optical exposure technique, development of new ex- 
posure methods such as electron beam exposure or X- 
ray exposure has proceeded. Particularly, various at- 
tempts employing electron beam exposure have been 
proposed for the formation of an integrated circuit hav- 
ing a fine pattern such as a 256 megabit DRAM. 
[0004] While those electron beam exposure appara- 
tus are classified into two types including a point beam 
type and a variable rectangular beam type, they both 
require a long period of time for exposure because a 
pattern is divided into unit small areas or rectangular ar- 
eas and either a point beam is deflected to successively 
scan the unit small areas or an electron beam having a 
beam spot of a size corresponding to the pattern is de- 
flected to draw the pattern with one stroke. For example, 
for a 256 megabit DRAM mentioned above, the expo- 
sure time required for one chip is approximately 10 min- 
utes, which is longer by approximately 100 times or 
more than that required with an exposure apparatus of 
the optical exposure type. Further, the electron beam 
exposure apparatus are disadvantageous also in that 
they are more expensive than optical exposure appara- 
tus. 

[0005] Meanwhile, M. B. Heritage has published a re- 
port entitled "Electron-projection microfabrication sys- 
tem", J. Vac. Sci. Technol., Vol. 12, No. 6, Nov./Dec. 
1975, pp.1 135-1 140. The report discloses a system 
wherein, preparing a mask having a pattern correspond- 
ing to an entire memory chip, the entire chip is exposed 
by a single electron beam irradiation operation in order 
to reduce the exposure time mentioned above. 
[0006] The system just described, however, has not 
been put into practical use as yet due to difficulty in im- 
plementation of an electron optical system for a large 
area electron beam which assures a sufficiently high de- 
gree of accuracy over the entire area of a chip of more 



than several mm square. 

[0007] Meanwhile, another electron beam exposure 
apparatus is disclosed in Japanese Patent Laid-Open 
Application No. Showa 52-119185 wherein a mask hav- 
ing several patterns formed at different block positions 
thereon is provided on a path of an electron beam and 
deflection means is provided for selecting, on the mask, 
an electron beam of a diameter sufficient to allow each 
block to be irradiated by the electron beam. Further, an 
electronic optical system is disclosed in a report No. 
27a-K-6 by T. Matsuzaka et al., "Study of EB cell Pro- 
jection Lithography (1): Electron Optics", Extended Ab- 
stracts for the 50th Autumn Meeting of the Japan Soci- 
ety of Applied Physics in September, 1989, p.452, 
wherein a plurality of openings are provided for a second 
aperture while the output of a shaping deflector is in- 
creased in magnitude and a variable magnification lens 
as well as a fly-back deflector are provided. Further- 
more, it is disclosed in another report No. 27a-K-7 by Y. 
Nakayama et al., "Study of EB cell Projection Lithogra- 
phy (II): Fabrication of Si aperture", appearing on the 
same page of the same publication that an aperture is 
formed from single crystal of Si for EB cell projection 
lithography and anisotropic wet etching is used for the 
formation of a Si thin film part of the aperture while dry 
etching is used for working of an opening of the aperture. 
Those techniques all relate to a method of transferring 
a pattern having some repetitions not to an entire area 
but to a portion of an area of a chip, and contemplates 
reduction of the exposure time by preparing, as a mask, 
a partial region of a size approximately corresponding 
to a beam spot having a size sufficient to assure a uni- 
form electron flow density from within a periodical pat- 
tern group of a chip. 

[0008] However, while those electron beam exposure 
apparatus of the partial collective transfer type are ef- 
fective for a semiconductor device which includes a 
comparatively large number of repetitive patterns such 
as a DRAM, they are disadvantageous in that, where 
they are used to manufacture a semiconductor device 
having ordinary logic circuits having a comparatively 
small number of repetitive patterns, a long exposure 
time is required similarly as in the system described 
hereinabove wherein an electron beam is deflected to 
draw a pattern with one stroke. 

[0009] Further, T. H. P. Chang et al. have published a 
report entitled "Arrayed miniature electron beam col- 
umns for high throughput sub-100 nm lithography", J. 
Vac. Sci. Technol., B10(6), Nov./Dec. 1992, pp. 
2743-2748. The report proposes a system wherein, in 
order to reduce the exposure time described above, a 
substrate on which a large number of electron optical 
microcolumns arranged in a matrix of rows and columns 
are formed is prepared and used for simultaneous ex- 
posure at positions corresponding to the electron optical 
microcolumns by a single electron beam irradiation op- 
eration. Besides, according to the technique, if electron 
beam control signals corresponding to different pattern 
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data are supplied to the individual microcolumns elec- 
tron optical microcolumns each including a very small 
electron lens and a very small deflection system, then 
exposure with an arbitrary pattern can be performed at 
a high speed irrespective of whether or not a repetitive 5 
pattern is included. 

[0010] With the technique just described, however, a 
very small electron lens, a very small deflection system 
and other elements must be formed in each of the elec- 
tron optical microcolumns, and it is difficult to form those 10 
very small structures, particularly, the very small deflec- 
tion systems, with sufficient degrees of working accura- 
cy and uniformity. Accordingly, the technique is disad- 
vantageous in that, since the accuracy in position of the 
electron beams by deflection is low, the accuracy in pat- 15 
tern formation on a specimen is low and the apparatus 
cost is high. 

[001 1] A different electron beam exposure apparatus 
is disclosed in Japanese Patent Laid-Open Application 
No. Showa 56-98827 which includes a cold cathode 20 
electron beam generator having a structure wherein 
electron beam generation elements are arranged one- 
ortwo-dimensionally. In the exposure apparatus, a large 
number of cold cathode electron beams are generated 
simultaneously from the electron beam generator and 25 
are accelerated by an acceleration electrode, and then 
a one- or two-dimensional pattern of the electron beams 
is projected generally in a reduced or expanded scale 
on a specimen by a converging lens. By increasing the 
number of very small spots which can be exposed si- 30 
multaneously and controlling the electron beam gener- 
ation elements corresponding to the respective very 
small spots individually in this manner, reduction of the 
exposure time can be achieved irrespective of whether 
or not a repetitive pattern is included. 35 
[0012] In the electron beam exposure apparatus dis- 
closed in the last-mentioned document, however, since 
electron beams from those of the electron beam gener- 
ation elements which are located at peripheral positions 
of the electron beam generator correspond to positions *o 
outside an optical axis of the electron optical system, 
that is, since those electron beams are positioned in a 
spaced relationship away from the center axis of the 
electron optical system in one direction, they exhibit 
comparatively large aberrations such as coma or astig- 45 
matism. Consequently, the electron beam exposure ap- 
paratus is disadvantageous in that the accuracy in 
shape of a pattern on a specimen is low. Even if an elec- 
tron optical system having a high degree of accuracy is 
used in order to eliminate the disadvantage, the accu- so 
racy in pattern shape cannot be raised to such a high 
level that the pattern can be practically used. Further, 
since electron optical columns of a scale having a height 
of approximately 1 m are required similarly as in con- 
ventional apparatus, the electron beam exposure appa- 55 
ratus is disadvantageous also in that a high cost is re- 
quired. 

[0013] Patent abstracts of Japan, vol.016, no. 488 (E- 



1277), October 9, 1992 & JP 04 179116A describe a 
twodimensional array of electron beam devices. Each 
device includes an electron source, an extraction elec- 
trode, objective lenses and electrostatic polarisation 
electrodes, wherein the component elements are ar- 
ranged on substrates with insulating spacers interposed 
and fixed to each other by a bonding agent. 
[0014] Accordingly, it is an object of the present inven- 
tion to provide an inexpensive and practically usable 
electron beam exposure apparatus by which a pattern 
to be drawn can be transferred with a high degree of 
accuracy by an exposure operation of a short time even 
if the pattern does not include a repetitive pattern but 
includes various patterns. 

[0015] According to the present invention, there is 
provided an electron beam exposure apparatus, com- 
prising an electron emitting apparatus including a lead 
electrode in the form of a flat plate and a plurality of elec- 
tron emitting elements having end portions exposed in- 
dividually in a plurality of openings formed in rows and 
columns on a principal face of the lead electrode, a con- 
trol power supply for applying a voltage between the 
lead electrode and selected ones of the electron emit- 
ting elements so that electrons are emitted from the se- 
lected electron emitting elements, wherein the elements 
can be selected independently of each other, an accel- 
eration electrode in the form of a flat plate having a 
number of very small openings equal to the number of 
and corresponding to the electron emitting elements for 
accelerating the emitted electrons, and a converging 
electrode in the form of a flat plate having a number of 
very small openings equal to the number of and corre- 
sponding to the electron emitting elements for converg- 
ing electron beams formed from the accelerated elec- 
trons. 

[0016] Preferably, the control power supply includes 
a plurality of application power supplies individually cor- 
responding to the plurality of electron emitting elements 
for applying voltages from selected ones of the applica- 
tion power supplies to the selected ones of the electron 
emitting elements. Preferably, the acceleration elec- 
trode in the form of a plate in which the very small open- 
ings through which electron beams pass are formed is 
disposed in parallel to the lead electrode. 

Fig. 1(A) is a block diagram showing a construction 
of an embodiment of an electron beam exposure 
apparatus of the present invention; 
. Fig. 1(B) is a perspective view, partially broken, of 
an electron beam emitting apparatus of the electron 
beam exposure apparatus shown in Fig. 1(A); 
Fig. 2 is a schematic sectional view showing accel- 
eration electrodes and associated elements there- 
around; 

Fig. 3 is a diagrammatic view illustrating a pattern 
to be transferred to a specimen; and 
Fig. 4 is a diagrammatic view illustrating a relation- 
ship between an array of electron emitting elements 
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of the electron beam emitting apparatus and a 
drawn pattern. 

[0017] The present invention will be described below 
with reference to the drawings. 

[0018] Figs. 1(A) and 1(B) are block diagrams show- 
ing a construction of an electron beam exposure appa- 
ratus in an embodiment of the present invention and a 
perspective view, partially broken, of an electron beam 
discharging apparatus of the electron beam exposure 
apparatus. Referring to Figs. 1(A) and 1(B), the electron 
beam exposure apparatus shown includes an electron 
emitting apparatus 1 including a lead electrode 21 in the 
form of a flat plate and a plurality of electron emitting 
elements 24 having end portions exposed individually 
to a plurality of openings 27 formed in a matrix of rows 
and columns in the lead electrode 21, an application 
power supply 3 and an application controller 2 for ap- 
plying a voltage between arbitrarily selected ones of the 
electron emitting elements 24 and the lead electrode 21 
to cause those electron emitting elements 24 to emit 
electrons therefrom independently of each other, an ac- 
celeration electrode 4 for accelerating the thus emitted 
electrons, a converging electrode 5 for converging the 
accelerated electrons, a high voltage power supply 6 for 
applying a high voltage potential difference between the 
acceleration electrode 4 and the electron emitting appa- 
ratus 1, a bias power supply 11 for applying a conver- 
gence voltage for the acceleration electrode 4 to the 
converging electrode 5, a stage 8 disposed in an oppos- 
ing relationship to the lead electrode 21 for carrying and 
moving a specimen 7 in X and Y directions, a stage po- 
sition measurement element 9 for continuously meas- 
uring the position of the stage 8, and a timing adjustment 
element 1 0 for adjusting the timing of a signal to the ap- 
plication controller 2 in response to measurement data 
from the stage position measurement element 9. 
[0019] Electron emitting apparatus 1 includes a plu- 
rality of electron emitting elements 24 buried in insula- 
tion layers 26 and having end portions exposed in open- 
ings 27 formed in a matrix of rows and columns in the 
plane of the lead electrode 21 in the form of a plate as 
seen in Fig. 1(B). 

[0020] In order to form an electric field between the 
electron emitting elements 24 and the lead electrode 21 , 
the electron emitting elements 24 are individually con- 
nected to a plurality of pads 23 of a construction body 
22 on the outer side of lead electrode 21 via wiring lines 
28a, 28b, 28c, ... and contacts 25a, 25b, 25c, ... Those 
pads 23 are connected to the application controller 2 
shown in Fig. 1(A) by a wire cable (not shown). The ap- 
plication controller 2 stores position coordinates of the 
electron emitting elements 24 to which a voltage is to 
be applied. The position coordinates stored in the appli- 
cation controller 2 are read out, and a voltage is applied 
to those electron emitting elements 24 positioned at the 
position coordinates in response to a timing signal from 
timing adjustment element 10 shown in Fig. 1(A) by the 



application power supply 3. From those electron emit- 
ting elements 24 to which the voltage is applied in this 
manner, electrons are emitted by the electric field. 
[0021] Although the acceleration electrode 4 and the 
converging electrode 5 are not shown in Fig. 1(B) be- 
cause they complicate the illustration, the acceleration 
electrode 4 is an electrode in the form of a flat plate pro- 
vided in parallel to the lead electrode 21 of the electron 
emitting apparatus 1 and disposed at a position spaced 
away by 4 mm from the lead electrode 21 . Also the con- 
verging electrode 5 is an electrode in the form of a flat 
plate provided in parallel to the acceleration electrode 4 
and the lead electrode 21 and disposed at a location 
spaced by 1 mm from the acceleration electrode 4. Elec- 
trons emitted from the electron emitting elements 24 de- 
scribed above are accelerated by the acceleration elec- 
trode 4 and then converged by the converging electrode 
5 so that they are irradiated as spot images on the sur- 
face of the specimen 7. 

[0022] It is to be noted that, in the present embodi- 
ment, the openings 27 have a diameter of 0.5 urn and 
are arranged in rows and columns at a pitch of 1 .0 u.m 
in order to obtain a high resolution. Further, the voltage 
to the converging electrode 5 is adjusted so that elec- 
trons emitted from one electron emitting element 24 may 
be irradiated as a spot image of a diameter of 0.025 ^m 
on the surface of the specimen 7. 
[0023] Further, the electron emitting elements 24 are 
arrayed in a 100 x 40 matrix. The axis of the arrange- 
ment of 100 elements of the array is not orthogonal but 
is inclined a little with respect to the axis of the arrange- 
ment of 40 elements of the array such that the projection 
positions on the axis of the arrangement of 100 ele- 
ments may be spaced from each other by a distance of 
0.025 u.m. Consequently, if the stage 8 is moved in a 
direction orthogonal to the axis of the arrangement of 
100 elements of the array of the electron emitting ele- 
ments 24 while a voltage is applied periodically to the 
electron emitting elements 24, then electrons are irradi- 
ated as 40 x 100 spots, that is, 4,000 spots, at equal 
distances of 0.025 }im individually in lines between the 
width of the arrangement of 1 00 elements, that is, within 
the width of 100 \im. Consequently, the overall width of 
100 urn is irradiated upon by the spots. 
[0024] Further, predetermined timing adjustment is 
performed during such irradiation so that a region of the 
width of 100 jim can be processed by a single travel of 
the stage 8 stage irrespective of a pattern shape or ar- 
rangement on the specimen 7. As a test, electron beams 
from the from electron emitting elements 24 were irra- 
diated upon the upon specimen 7 having a resist of a 
sensitivity of 10 uC/cm 2 applied thereto in such condi- 
tions that a voltage of 10.6 V was applied between the 
electron emitting elements 24 and the lead electrode 21 , 
an acceleration voltage of 30 kV was applied to the ac- 
celeration electrode 4, a voltage of 20 kV was applied 
from the bias power supply 11 to the converging elec- 
trode 5, and the stage 8 was moved at a speed of 20 
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mm/sec. A result of the test proved that a good transfer 
pattern was successfully transferred with a voltage ap- 
plication time, that is, an exposure time, of 0.5 usee for 
each irradiation spot. 

[0025] Preferably, a number of application power sup- 
plies 3 equal to the number of the electron emitting ele- 
ments 24 are provided so that voltages may be applied 
at suitable -timings to the plurality of electron emitting 
elements 24. Further, in order to eliminate a possible 
delay caused by a wiring length or a switching operation 
and eliminate a dispersion in emitted electron amount 
caused by a dispersion in characteristic among electron 
emitting elements 24, the application voltages of the in- 
dividual power supplies are adjusted in units of 0.001 V. 
By this countermeasure, the dispersion in emitted elec- 
tron amount among electron emitting elements 24 is re- 
duced to 1 % or less, resulting in elimination of non-uni- 
form transfer of a pattern. 

[0026] Electron emitting apparatus 1 can emit elec- 
trons with the comparatively low application voltage of 
10.6 V to sensitize the resist as described above. Here, 
in order to allow sensitization of a resist of a lower sen- 
sitivity or allow direct working of the specimen 7, the high 
voltage power supply 6 was constructed so that the out- 
put voltage thereof might be variable from 10 kV to 50 
kV. Also the application power supply 3 was constructed 
so that the output voltage thereof might be set to several 
tens V lower than an allowable voltage value so as to 
obtain electron beams of a higher energy. 
[0027] Electron emitting apparatus 1 shown in Fig. 1 
(B) can be manufactured using an ordinary manufactur- 
ing process for a semiconductor integrated circuit. 
[0028] In particular, a step of forming a wiring line 28a, 
28b, 28c, ... for interconnecting an electron emitting el- 
ement 24 and a pad 23 at a predetermined depth and 
burying them with an insulation layer 26 is repeated by 
a number of times equat to a required number of layers, 
and then, the contacts 25a, 25b, 25c, ... are formed cor- 
responding to the positions of the electron emitting ele- 
ments 24 and the positions of the pads 23, respectively. 
Then, in the present embodiment, an oxide silicon film 
of a film thickness of 0.5 u.m is formed on the surface of 
the construction body 22 formed from the insulation lay- 
ers 26 formed one on another. Further, a tungsten film 
of a film thickness of 0.35 is formed over the entire 
area of the oxide silicon film, and the tungsten film and 
the oxide silicon film are selectively removed by etching 
using lithography to form the openings 27 of a diameter 
of 0.5 u.m in a region in which electron emitting elements 
are to be formed. Then, an aluminum film of 0.15 u.m 
thickness is formed on wiring lines or contact faces ex- 
posed through the openings 27, and a molybdenum film 
of 0.8 urn thickness is formed by metal vapor deposition. 
During the vapor deposition, as the vapor deposition 
proceeds, the opening areas of the openings gradually 
decrease, and consequently, end portions of the molyb- 
denum film formed by the deposition exhibit conical 
shapes. Using this phenomenon, the electron emitting 



8 

elements 24 having pointed end portions having an op- 
timum shape as a cathode are obtained. 
[0029] Thereafter, the aluminum film is removed by 
wet etching. Thereupon, the molybdenum film applied 

5 except that on the electron emitting elements 24 is all 
removed by lifting off. Then, the tungsten film on the sur- 
face of the construction body 22 is selectively removed 
by etching using lithography to form the pads 23. Those 
pads 23 are larger than the openings 27 and as large 

10 as 80 jim square. Accordingly, although the pads 23 are 
shown positioned on the opposite sides of the lead elec- 
trode 21 in Fig. 1(B), where a sufficient space is not as- 
sured on the surface, the pads 23 are formed also on 
side faces of the construction body 22. To the pads 23 

15 formed in this manner, fine metal lines are connected 
using a wire bonding apparatus and led out as a con- 
nection cable, which is connected to the application con- 
troller 2 shown in Fig. 1(A). 

[0030] Fig. 2 is a sectional view showing details of the 

20 acceleration electrode 4 and associated elements 
therearound. The acceleration electrode 4 is a plate 
member in the form of a conductive flat plate disposed 
in parallel to the lead electrode 21 and having an area 
larger than the lead electrode 21, and holes 29 having 

25 a size substantially equal to or a little larger than the 
openings 27 are formed at positions of a central portion 
of the plate member opposing to the electron emitting 
elements 24. Further, though not shown in the drawings, 
a Wehnelt electrode in the form of a flat plate is provided 

30 preferably around the electron emitting apparatus 1 in 
order to make the electric field uniform. Furthermore, the 
Wehnelt electrode is located a little nearer to the accel- 
eration electrode 4 side away from the lead electrode 
21 and a potential higher than the potential of the lead 

35 electrode 21 is applied to the Wehnelt electrode so that 
the Wehnelt electrode may act as a second lead elec- 
trode in order to allow electrons emitted from the elec- 
tron emitting elements 24 to be extracted with a high 
efficiency. It is to be noted that, in Fig. 2, equipotential 

40 lines are indicated by broken lines. 

[0031] Also the acceleration electrode 4 in the form of 
a mesh can be manufactured using an ordinary semi- 
conductor manufacturing technique. In the present em- 
bodiment, for example, in a stainless steel plate pol- 

45 ished thin at a central portion thereof by electrolytic pol- 
ishing, the holes 29 are formed so as to have openings 
of 1 urn or less using a photo-etching technique. Then, 
since the holes 29 formed by the etching are naturally 
formed in a tapered configuration, acceleration elec- 

50 trode 4 is disposed such that a smaller diameter side of 
each of the holes 29 is opposed to the electron emitting 
apparatus 1. 

[0032] In this manner, the alignment between the ac- 
celeration electrode 4 having the large number of holes 
55 29 and the electron emitting apparatus 1 is established 
by operating a position fine movement mechanism (not 
shown) for receiving a frame on which outer sides of ac- 
celeration electrode 4 are held and finely moving the 
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frame in the X and Y directions so that the openings 27 
and the holes 29 may be aligned with each other under 
the observation of an optical microscope, placing a Far- 
aday cup under the acceleration electrode 4 and adjust- 
ing the position fine movement mechanism so that a 
maximum beam electric current may be obtained. After 
the position of the acceleration electrode 4 is adjusted 
in this manner, it is used always in a fixed voltage con- 
dition so that the accuracy may be maintained. 
[0033] The structure of the converging electrode 5 in 
the form of a flat plate in which a plurality of holes 31 
through which electron beams 30 pass are formed is 
similar to that of the acceleration electrode 4 described 
above and is manufactured by a similar manufacture 
method. The bias power supply 11 is provided on the 
converging electrode 5 so that an appropriate bias volt- 
age may be applied to the acceleration electrode 4. The 
adjustment of the bias voltage is performed such that 
the electron emitting apparatus 1, acceleration elec- 
trode 4 and converging electrode 5 are held as a unitary 
member and moved in a fixed direction while the appli- 
cation controller 2 is operated so as to emit electrons 
from the electron emitting elements 24. in this instance, 
the bias voltage to be applied to the converging elec- 
trode 5 should be successively varied within a neces- 
sary range while a result of drawing on a straight line 
obtained on a specimen is observed to determine a bias 
voltage condition in which the line width of 0.025 urn is 
obtained. After the bias voltage to the converging elec- 
trode 5 is adjusted in this manner, the converging elec- 
trode 5 is used always in a fixed voltage condition so 
that the accuracy may be maintained. 
[0034] It is to be noted that each of the acceleration 
electrode 4 and the converging electrode 5 is formed 
from a stainless steel plate of 1 mm thickness, and the 
entire construction including electron emitting appara- 
tus 1 remains within the height of 20 mm on the speci- 
men, and a compact structure having a high degree of 
safety can be achieved. 

[0035] Fig. 3 is a diagrammatic view illustrating a pat- 
tern 100 to be transferred to a specimen, and Fig. 4 is 
a similar view but illustrating a positional relationship be- 
tween the array of the electron emitting elements 24 of 
the electron emitting apparatus 1 and the pattern 100. 
[0036] Transfer of the pattern 100 shown in Fig. 3 to 
the specimen 7 using the electron beam exposure ap- 
paratus will be described below. 
[0037] First, the pattern 100 indicated by solid lines in 
Fig. 4 is part of the pattern 100 of Fig. 3. Thus, when the 
stage 8 on which the specimen 7 is placed continuously 
moves in the Y direction, if the centra! position of any 
electron emitting element passes a portion which has 
not been exposed with the pattern, a voltage is applied 
to this electron emitting element 24 so as to successive- 
ly draw the pattern 100. 

[0038] In this instance, since the axis of the arrange- 
ment of 40 elements of the array of the electron emitting 
elements 24 is not orthogonal to but is inclined a little 



with respect to the axis of the arrangement of 100 ele- 
ments so that the projection positions on the axis of the 
arrangement of 100 elements may be spaced by 0.025 
Urn from each other as described hereinabove with ref- 

5 erence to Fig. 1 (B), if the stage 8 is moved in a direction 
orthogonal to the axis of the arrangement of 100 ele- 
ments of the array of the electron emitting elements 24 
while a voltage is applied periodically to the electron 
emitting elements 24, then electrons are irradiated as 

10 trains of 40 x 100 spots, that is, 4,000 spots, at equal 
distances of 0.025 urn individually in lines between the 
width of the arrangement of 100 elements, that is, within 
the width of 100 urn. Consequently, the overall width of 
100 urn is irradiated upon by the spots. 

15 [0039] Further, stage position measurement element 
9 of Fig. 1(A) has a length measuring function which 
makes use of laser interference, and is so programmed 
that those of the electron emitting elements 24 to which 
a voltage is to be applied are selectively determined 

20 based on data of the stage position measurement ele- 
ment 9 by the timing adjustment element 10. 
[0040] Then, the stage 8 is moved stepwise by 100 
urn in the X direction, and drawing for each successive 
region is successively performed successively moving 

25 the stage 8 in the Y direction as described above, there- 
by performing exposure for the entire desired pattern. 
[0041] By providing a power supply to be applied to 
the 100 x 40, that is, 4,000, electron emitting elements 
24, dividing pattern data into rectangular regions of the 

30 width of 1 00 jim and programming so as to detect wheth- 
er or not a pattern is present in a very small unit region 
obtained by dividing data in each rectangular region in 
units of 0.025 urn in such a manner as described above, 
drawing for a fixed region can be performed in an equal 

35 exposure time irrespective of a type of a pattern or pres- 
ence or absence of a repetitive pattern. 
[0042] As described above, according to the present 
invention, since an electron beam exposure apparatus 
is constructed such that it includes an electron emitting 

40 apparatus having a large number of very small electron 
emitting openings formed at a very fine pitch in a matrix 
of rows and columns therein, a control power supply for 
applying an electron excitation voltage to arbitrarily se- 
lected ones of the electron emitting elements in the elec- 
ts tron emitting openings independently of each other, and 
a timing adjustment element for adjusting the timing at 
which the electron excitation voltage is to be applied 
based on stage position data and that position coordi- 
nates of those of the electron emitting elements to which 
50 the electron excitation voltage is to be applied are pro- 
grammed in advance and the electron emitting appara- 
tus is operated based on the program, exposure for a 
region of a fixed area can be performed in an equal ex- 
posure time a pattern of whichever type is included in a 
55 pattern to be drawn and irrespective of presence or ab- 
sence of a repetitive pattern. As a result, there is an ad- 
vantage that exposure for the pattern to be drawn can 
be performed in a short time. 
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a converging electrode (5) in the form of a flat 
plate having a number of very small openings 
(31 ) equal to the number of and corresponding 
to said electron emitting elements for converg- 
5 ing electron beams formed from the accelerat- 

ed electrons. 

2. An electron beam exposure apparatus as claimed 
in claim 1, wherein said control power supply (2, 3) 

10 includes a plurality of application power supplies (3) 
individually corresponding to said plurality of elec- 
tron emitting elements (24) for applying voltages 
from selected ones of said application power sup- 
plies (3) to the selected ones of said electron emit- 

15 ting elements (24). 

3. An electron beam exposure apparatus as claimed 
in claim 1 , wherein said acceleration electrode (4) 
in the form of a plate in which said very small open- 

20 ings (29) through which electron beams pass are 
formed is disposed in parallel to said lead electrode 
(21). 

4. An electron beam exposure apparatus as claimed 
25 in claim 1, wherein the axis of a column of the ar- 
rangement of said electron emitting elements and 
the axis of a row of the arrangement of said electron 
emitting elements (24) are non-orthogonal relative 
to each other and a stage (8) disposed in an oppos- 

30 ing relationship to said lead electrode (21) for car- 
rying a specimen (7) thereon is moveable in a di- 
rection orthogonal to one of the axis of a column 
and the axis of a row of the arrangement of said 
electron emitting elements. 

35 

5. An electron beam exposure apparatus as claimed 
in claim 4, further comprising a timing adjustment 
element (10) for adjusting the timing for applying the 
voltage based on the position of said stage. 

40 

6. An electron beam exposure apparatus as claimed 
in claim 5, further comprising a stage position meas- 
urement element (9) for measuring the position of 
said stage (8), said timing adjustment element (10) 

45 adjusting the timing for applying the voltage based 
on measurement data from said stage position 
measurement element (9). 



[0043] Further, with the present invention, since elec- 
tron optical microcolumns need not be formed and indi- 
vidual electron beams are used always on the positions 
on an axis of an electron optical system using the ac- 
celeration electrode and the converging electrode which 
have openings corresponding to the positions of the in- 
dividual electron emitting elements of the electron emit- 
ting apparatus, an electron optical system of a particu- 
larly high degree of accuracy comparing with conven- 
tional electron beam exposure apparatus is not neces- 
sary. Further, a structure which is compact and high in 
stability comparing with conventional electron optical 
columns can be employed, and accordingly, there is an- 
other advantage that, while pattern exposure of a high 
degree of accuracy is possible, the cost for the appara- 
tus can be reduced compared with conventional appa- 
ratus. 

[0044] Further, in the embodiment described above, 
it is programmed by the timing adjustment element that 
those of the electron emitting elements to which a volt- 
age is to be applied are selectively determined based 
on data of the stage position measurement element hav- 
ing a length measuring function which makes use of la- 
ser interference. The laser length measuring function 
can measure the position of the stage with a tolerance 
of 0.01 urn or less, and since the positional relationships 
between the positions of the stage and the individual 
electron emitting elements are always fixed, there is a 
further advantage that the positions on a specimen ex- 
posed with electron beams emitted from the individual 
electron emitting elements are controlled accurately 
with a degree of accuracy substantially equal to the de- 
gree of accuracy of the laser length measuring function. 



Claims 

1 . An electron beam exposure apparatus, comprising: 

an electron emitting apparatus (1) including a 
lead electrode (2 1 ) in the form of a flat plate and 
a plurality of electron emitting elements (24) 
having end portions exposed individually in a 
plurality of openings (27) formed in rows and 
columns on a principal face of said lead elec- 
trode (21); 

a control power supply (2, 3) for applying a volt- 
age between said lead electrode (21) and se- 
lected ones of said electron emitting elements 
(24) so that electrons are emitted from the se- 
lected electron emitting elements, wherein the 
elements can be selected independently of 
each other; 

an acceleration electrode (4) in the form of a 
flat plate having a number of very small open- 
ings (29) equal to the number of and corre- 
sponding to said electron emitting elements 
(24) for accelerating the emitted electrons; and 



7. An electron beam exposure apparatus as claimed 
50 in claim 6, wherein said stage position measure- 
ment element (9) has a length measuring function 
which makes use of laser interference. 



55 Patentanspruche 

1. Elektronenstrahl-Bestrahlungsgerat, welches auf- 
weist: 
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ein Elektronen-Emissionsgerat (1) mit einer 
Fuhrungselektrode (21) in Form einer flachen 
Platte und einer Vielzahl von Elektronen emit- 
tierenden Elementen (24) deren Endabschnitte 
einzeln in einer Vielzahl von Offnungen (27) lie- 
gen, die in Reihen und Spalten auf einer Haupt- 
flache der Fuhrungselektrode (21) ausgebildet 
sind; 

eine Steuerungsstromversorgung (2, 3) zum 
Anlegen einer Spannung zwischen der Fuh- 
rungselektrode (21) und ausgewahlten Ele- 
menten der Elektronen emittierenden Elemen- 
te (24), so dafi Elektronen von den ausgewahl- 
ten Elektronen emittierenden Elementen emit- 
tiert werden, wobei die Elemente unabhangig 
voneinander ausgewahlt werden konnen; 
einer Beschleunigungselektrode (4) in Form ei- 
ner flachen Platte mit einer Vielzahl sehr kleiner 
Offnungen (29) gleichzahlig zu und entspre- 
chend den Elektronen emittierenden Elemen- 
ten (24) zum Beschleunigen der emittierten 
Elektronen; und 

einer Konvergierungselektrode (5) in Form ei- 
ner flachen Platte mit einer Anzahl sehr kleiner 
Offnungen (31) gleichzahlig zu und entspre- 
chend den Elektronen emittierenden Elemen- 
ten zum Konvergieren von Elektronenstrahlen, 
die aus den beschleunigten Elektronen gebil- 
det werden. 

2. Elektronenstrahl-Bestrahlungsgerat nach An- 
spruch 1 , bei dem die Steuerungsstromversorgung 
(2, 3) eine Vielzahl von Zufuh rungs-Strom versor- 
gungen (3) enthalt, die einzeln der Vielzahl von 
Elektronen emittierenden Elementen (24) entspre- 
chen, zum Anlegen von Spannungen, die von aus- 
gewahlten Anlegungs-Stromversorgungen der An- 
legungs-Stromversorgungen (3) ausgewahlt wer- 
den, an ausgewahlte Elemente der Elektronen 
emittierenden Elemente (24). 

3. Elektronenstrahl-Bestrahlungsgerat nach An- 
spruch 1, bei dem die Beschleunigungselektrode 
(4) in Form einer Platte, in der die sehr kleinen Off- 
nungen (29) gebildet sind, durch welche die Elek- 
tronenstrahlen hindurchtreten, parallel zu der Fuh- 
rungselektrode (21) angeordnet ist. 

4. Elektronenstrahl-Bestrahlungsgerat nach An- 
spruch 1, bei dem die Achse einer Spalte der 
Anordung der Elektronen emittierenden Elemente 
und die Achse einer Reihe der Anordnung der Elek- 
tronen emittierenden Elemente (24) nicht-orthogo- 
nalzueinandersind und ein entgegengesetztzu der 
Fuhrungselektrode (21) angeordneter Objekttisch 
(8) zum Tragen einer Probe (7) darauf in einer Rich- 
tung orthogonal zu einer der Achsen einer Spalte 
und der Achse einer Reihe der Anordnung der Elek- 



tronen emittierenden Elemente beweglich ist. 

5. Elektronenstrahl-Bestrahlungsgerat nach An- 
spruch 4, welches aufierdem ein Zeiteinstellungs- 

5 element (10) aufweist zum Einstellen der Zeitab- 
stimmung zum Anlegen der Spannung auf der 
Grundlage der Position des Objekttisches. 

6. Elektronenstrahl-Bestrahlungsgerat nach An- 
10 spruch 5, welches weiterhin ein Objektisch-Positi- 

onsmeftelement (9) aufweist zum Messen der Po- 
sition des Objekttisches (8), wobei das Zeitabstim- 
mungs-Einstellelement (10) die Zeitabstimmung 
einstellt zum Anlegen der Spannung auf der Grund- 
15 lage von Mefldaten von dem Objekttisch-Positions- 
mefielement (9). 

7. Elektronenstrahl-Bestrahlungsgerat nach An- 
spruch 6, bei dem das Objekttisch- 

20 Positionsmefielement (9) eine Langenmefcfunktion 
hat, welche Laserinterferenz verwendet. 



Revendications 

25 

1 . Appareil d'exposition par faisceau d'electrons, com- 
prenant: 

un appareil emetteur d'electrons (1) compor- 

30 tant une electrode de guidage (21) sous la for- 

me d'une plaque aplatie et 
une pluralite d'elements emetteurs d'electrons 
(24) ayant des parties d'extremite exposees de 
maniere individuelle dans une pluralite d'ouver- 

35 tures (27) amenagees en lignes et 

en colonnes sur une face principale de cette 
electrode de guidage (21) ; 
une alimentation-commande en courant (2, 3) 
pour appliquer une tension entre ladite electro- 

40 de de guidage (21) et 

d'elements selectionnes desdits elements 
emetteurs d'electrons (24) afin d'emettre des 
electrons a partir des elements selectionnes 
emetteurs d'electrons, lesdits elements pou- 

45 vant etre selectionnes independamment les 

uns des autres; 

une electrode d'acceleration (4) sous la forme 
d'une plaque aplatie ayant un nombre de tres 
petites ouvertures (29) egal au nombre desdits 
50 et correspondant auxdits elements emetteurs 

d'electrons (24) pour accelerer lesdits elec- 
trons emis; et 

une electrode convergente (5) sous la forme 
d'une plaque aplatie ayant un nombre de tres 
55 petites ouvertures (31) egal au nombre desdits 

et correspondant auxdits Elements emetteurs 
d'electrons pour fa ire converger des faiscaux 
formes a partir desdits electrons acceleres. 
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Appareil d'exposition par faisceaux d'electrons se- 
lon la revendication 1, dans lequel ladite alimenta- 
tion-commande en courant (2, 3) comporte une plu- 
rality d'alimentations en courant d'application (3) 
correspondant de maniere individuelle a ladite plu- 5 
ralite d'elements emetteurs d'electrons (24) pour 
appliquer des tensions a partir d'elements selec- 
tionnes desdites alimentations en courant d'appli- 
cation (3) auxdits elements selectionnes desdits 
elements emetteurs d'electrons (24). 10 

Appareil d'exposition par faisceaux d'electrons se- 
lon la revendication 1 , dans lequel ladite electrode 
deceleration (4) en forme de plaque, dans laquelle- 
lesdites tres petites ouvertures (29) au travers des- *s 
quelles passent des faisceaux d'electrons sont for- 
mees, est disposee en parallele a ladite electrode 
de guidage (21). 

Appareil d'exposition par faisceaux d'electrons se- 20 
Ion la revendication 1 , dans lequel I'axe d'une co- 
lonne dudit arrangement desdits elements emet- 
teurs d'electrons et I'axe d'une ligne dudit arrange- 
ment desdits elements emetteurs d'electrons (24) 
sont non-ortogonaux Tun par rapport a I'autre, et 25 
une table d'objets (8) disposee de maniere opposee 
a ladite electrode de guidage (21) et a meme de 
porter un echantillon (7) sur elle, est susceptible 
d'etre deplacee dans une direction orthogonale, soit 
a I'axe d'une colonne, soit a I'axe d'une ligne dudit 30 
arrangement desdits elements emetteurs d'elec- 
trons. 

Appareil d'exposition par faisceaux d'electrons se- 
lon la revendication 4, comprenant un element 35 
d'ajustage en temps (1 0) pour ajuster le temps pour 
Implication de la tension en fonction de la position 
de la dite table d'objets. 

Appareil d'exposition par faisceaux d'electrons se- *o 
Ion la revendication 5, comprenant en outre un ele- 
ment de mesure de position de table d'objets (9) 
pour mesurer la position de ladite table d'objets (8), 
ledit element d'ajustage en temps (10) effectuant 
I'ajustage en temps pour appliquer la tension en 
fonction de donnees de mesure a partir dudit ele- 
ment de mesure de position de table d'objets (9). 

Appareil d'exposition par faisceaux d'electrons se- 
lon la revendication 6, dans lequel ledit element de 50 
mesure de position de table d'objets (9) a une fonc- 
tion de mesure de longueur utilisant Interference 
laser. 
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